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$C$ $D$ $C=\{C_{-}, c_{+}\},$ $D=\{D_{-}, D_{+}\}$ $C_{-}$
$C_{+}$ , $D_{-}$ $D_{+}$ $C_{-}$ 2 $z$ $-\infty+iIm(z)$
$C_{+}$ 2 $z$ $\infty+iIm(z)$
, $D_{-}$ $C_{-}$ , $D_{+}$ $C_{+}$
N-fractional operator $N^{\nu}$
$N^{\nu}= \frac{\Gamma(\nu+1)}{2\pi i}\int_{c^{\frac{(\cdot)d\zeta}{(\zeta-z)\nu+1}}}(\nu\not\in \mathrm{Z}^{-})$ , (1)
$N^{-m}= \lim_{\nuarrow-m}N^{\nu}(m\in \mathrm{Z}^{+})$ , (2)
$f=f(z)$ $D$
$f_{\nu}(z)=N \nu f(_{Z})=\frac{\Gamma(\nu+1)}{2\pi i}\int_{C}\frac{f(\zeta)}{(\zeta-Z)\nu+1}d\zeta$ (3)
$(f)_{-m}= \lim_{\nuarrow-m}(f)_{\nu}(m\in \mathrm{Z}^{+})$ , (4)
$-\pi\leq arg(\zeta-Z)\leq\pi$ for $\mathrm{C}_{-}$ ,
$0\leq arg(\zeta-Z)\leq 2\pi$ for $\mathrm{C}_{+}$ ,
$\zeta\neq z$ , $z\in \mathrm{C}$ , $\nu\in \mathrm{R}$,
$\mathrm{r};c_{amma}$
*email: $\mathrm{m}\mathrm{i}\mathrm{y}\mathrm{a}\mathrm{k}\mathrm{o}\mathrm{d}\mathrm{a}\otimes \mathrm{a}\mathrm{p}.\mathrm{e}\mathrm{n}\mathrm{g}$. osaka-u. $\mathrm{a}\mathrm{c}$ . jp





$N^{\beta}\circ N^{\alpha}f=N^{\beta}N^{\alpha}f=N^{\beta}(N^{\alpha}f)(\alpha, \beta\in \mathrm{R})$ , (5)
$N^{\beta}(N^{\alpha}f)=N^{\beta+\alpha}f(\alpha, \beta\in \mathrm{R})$ , (6)




$\varphi_{m/n}+\varphi\cdot a=f$ $(a\neq 0, m<n, m, n\in \mathrm{Z}^{+})$ (8)
$a$ $f(z)$ , $\varphi$ $\varphi\in\wp^{\mathrm{O}}=\{\varphi|0\neq|\varphi_{\nu}|<$














$(e^{-ax})_{\nu}=e^{-i}a\pi\nu\nu e-ax$ for $a\neq 0$
69
3.
$( \cos ax)_{\nu}=a^{\nu}\cos(ax+\frac{\pi}{2}\nu)$ $(a\neq 0)$
4.
$( \sin ax)_{\nu}=a^{\nu}\sin(ax+\frac{\pi}{2}\nu)$ $(a\neq 0)$
Fractional Calculus
3








$\varphi(0)=0$ $x$ $0$ 1
Runge-Kutta 4 $N$ $0$ 1
$M$ $f(x)$
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